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22.1
$\frac{d^{2}q(t)}{dt^{2}}=-\sin q(i)$ (1)
$H= \frac{1}{2}(\frac{dq(t)}{dt})^{2}+(1-\cos$ q( ) (2)
3 .
$[\mathrm{a}]H<2$ ( )
$\sin\frac{q}{2}=k\mathrm{s}\mathrm{n}(t, k)$ , $t\geq 0$ . (3)
, $\alpha$ , $k$ $k=\sin(\alpha/2)$ .
$[\mathrm{b}]H=2$ ( )
$\sin\frac{q}{2}=\tanh(t)$ , $t\geq 0$ . (4)
.
$[\mathrm{c}]H>2$ ( )
$q=2\mathrm{a}\mathrm{m}(t, k)$ , $t\geq 0$ . (5)







$(F(t)2-G(t)2)D_{t}2G(t)\cdot F(t)-p(t)G(i)\{D_{t}2(F(t)\cdot F(t)-G(t)\cdot G(t))\}$
$=-G(t)F(t)(F(t)2-G(t)^{2})$ (7)
. (7) decoupling .
$D_{t}^{2}G(t)\cdot F(t)=\delta^{2}(\lambda-1)G(t)\cdot F(t)$ ,
$D_{t}^{2}(F(t)\cdot F(t)-G(t)\cdot G(t))=\delta^{2}\lambda(F(t)^{2}-G(t)^{2})$ . (8)
$\lambda$ . 2 , D-operator
1
$D_{t}(\text{ })arrow\overline{\delta}$ sinh(\mbox{\boldmath $\delta$}Dt)( ). (9)
. , $\delta$ .
, (8) , ,
$\sinh^{2}(\delta D_{t})F(t)\cdot G(t)=\delta^{2}(\lambda-1)\cosh^{2}(\delta D_{t})F(t)\cdot G(t)$,




, (10) , ,
$(1+2 \delta^{2}(\lambda-1))\exp\frac{p(t)}{2}\mathrm{s}\mathrm{i}n\frac{q(t)}{2}$.





$=-\delta^{2}s\mathrm{i}n\underline{q(t+2\delta)+‘ 2q(}\lrcorner t)+q(t-2\delta)$ (13)
. (1) . HHHirota 1977 [3]
$\lambda=1/2$ . ,
$\mathcal{H}=\frac{2}{\delta^{2}}\{1+2\lambda\delta^{2}\}\sin^{2_{\frac{q(t+\delta)-q(t-\delta)}{4}+2\mathrm{s}}}\mathrm{i}\mathrm{n}\frac{q(t+\delta)}{2}\sin\frac{q(t-\delta)}{2}$ (14)
. $\deltaarrow 0$ , $\mathcal{H}$ (2) .
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2.3
, $\mathcal{H}$ 2 , \searrow
(13) 3 . $\mathcal{H}=2$
.
$[\mathrm{a}]\mathcal{H}<2$ ( )
$\mathrm{s}\mathrm{i}n\frac{q(i)}{2}=\kappa \mathrm{s}n(\Omega t,\kappa)$ , $t=0,$ $\delta,2\delta,$ $\ldots$ (15)




sot $\frac{q(t)}{2}=\tanh(\Omega t)$ , $t=0,$ $\delta,$ $2\delta,$ $\ldots$ (17)
. , $\Omega$
$\mathrm{c}\mathrm{o}sh(2\Omega\delta)=\frac{1+2\lambda\delta^{2}}{1+2(\lambda-1)\delta 2}$ (18)
$\delta$ $\lambda$ . .
$[\mathrm{c}]\gamma\{>2$ ( )
$q(t)=2\mathrm{a}\mathrm{m}(\Omega t,\kappa)$ , $t=0,$ $\delta,$ $2\delta,$ $\ldots$ (19)







$\frac{d^{2}q}{dt^{2}}=-\alpha q+\beta q^{3}$ , $q=q(t)$ , $\alpha>0$ (21)
$H= \frac{1}{2}(\frac{dq}{dt})2-q+\frac{\alpha}{2}q^{2}\frac{\beta}{4}4$ (22)
. $\beta=0$ (21) l LC ,
. $\beta\neq 0$ $\beta$ . $\beta>0$
.
$[\mathrm{a}]\beta>0$
(i) $H<\alpha^{2}/4\beta$ ( )
(22) , $d^{2}q/dt^{2}=0$ $q$ 4 . $q=\pm a,$ $\pm b$ ,
$0<b<a$ , , (21)
$q=b \mathrm{S}\mathrm{n}(a\sqrt{\frac{\beta}{2}}t,\frac{b}{a})$ (23)
. .
(ii) $H=\alpha^{2}/4\beta$ ( )
(22) $H=\alpha^{2}/4\beta$ , (21)
$q=\sqrt{\frac{\alpha}{\beta}}$ t,a$\mathrm{n}\mathrm{h}(\sqrt{\frac{\alpha}{2}}t)$ (24)
. $t$ $q(t)$ , $\sqrt{\beta/\alpha}$
.
(iii) $H>\alpha^{2}/4\beta$ ( )
$q^{2}(t)=2 \sqrt{\frac{H}{\beta}}\frac{1-\mathrm{c}\mathrm{n}(2(\beta H)^{/4}1t,s\mathrm{i}\mathrm{n}\gamma)}{1+\mathrm{C}\mathrm{l}1(2(\beta H)1/4\theta,\mathrm{s}\mathrm{i}n\gamma)}$,
$\mathrm{S}\ln^{2}\gamma=\frac{1}{2}+\frac{\alpha}{4}\frac{1}{\sqrt{\beta H}}$ . (25)
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$q=B\mathrm{c}\mathrm{n}(Ai, k)$ , $0\leq k\leq]_{-}/\sqrt{2}$ (26)









$F(t)(D_{t}^{2}+\alpha)G(t)\cdot F(t)-G(t)(D^{2}.Ft(t)\cdot F(\theta)+\beta G(t)^{2})=0$ (28)
. (28)
$(D_{t}^{2}+\alpha)G(t)\cdot F(t)=0$ ,
$D_{t}^{2}F(t)\cdot F(t)+\beta G(t)^{2}=0$ (29)
2 decoupling . 2
,
si$n\mathrm{h}^{2}(\delta D_{t})G(t)\cdot F(t)=-\alpha\delta^{2}G(t)F(t)$,









$\mathcal{H}=\frac{1}{2}\{\frac{q(t+\delta)-q(t-\delta)}{2\delta}\}^{2}+\frac{1}{2}\alpha q(t+\delta)q(t-\delta)-\frac{1}{4}\beta q(t+\delta)2q(t-\delta)2$ (33)
[$3|$ . $\deltaarrow 0$ $\mathcal{H}$
(22) .
3.3




(i) $\mathcal{H}<\alpha^{2}/4\beta$ ( )
$q(t)=A_{1}\mathrm{s}n(B_{1}t,\kappa)$ , $t=0,$ $\delta,2\delta,$ $\ldots$ (34)
. , $A_{1},B_{1}$
$\mathrm{c}\mathrm{n}(2B_{1}\delta,\kappa)\mathrm{d}\mathrm{n}(2B_{1}\delta,\kappa)=1-2\alpha\delta^{2}$ , $\mathrm{s}\mathrm{n}^{2}(2B_{1}\delta,\kappa)=\frac{2A_{1}^{2}\beta}{\kappa^{2}}\delta^{2}$ (35)
, $\delta$ $\kappa$ .
(ii) $\mathcal{H}=\alpha^{2}/4\beta$ ( )
(32)
$q(t)=\sqrt{\frac{\mathfrak{a}}{\beta}}\mathrm{t}\mathrm{a}n\mathrm{h}(B_{2}t)$ , $t=0,$ $\delta,$ $2\delta,$ $\ldots$ (36)
. , $B_{2}$
$\mathrm{s}\mathrm{i}n\mathrm{h}^{2}(2B_{2}\delta)=\frac{2\alpha\delta^{2}}{1-2\alpha\delta^{2}}$ (37)
$\delta$ . , .
(iii) $\mathcal{H}>\alpha^{2}/4\beta$ ( )
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(32)
$q^{2}(t)= \frac{A_{3}^{2}(1-\mathrm{C}1\mathrm{y}(B_{3}t,\kappa))}{1+\mathrm{c}n(B_{3}t,\kappa)}$ , $t=0,2\delta,4\delta,$ $\cdots$ , (38)
, $A_{3},B_{3}$
$\mathrm{d}\mathrm{n}(2B_{3}\delta, \kappa)=\frac{1-2\alpha\delta^{2}}{1+2\beta\delta^{2}A_{3}2}$ , $\mathrm{c}n(2B_{3}\delta, \kappa)=\frac{1-2\beta\delta^{2}A_{3}^{2}}{1+2\beta\delta^{2}A_{3}2}$ . (39)
, $\delta$ $\kappa$ .
$[\mathrm{b}]\beta<0$
(32)
$q(t)=A4^{\mathrm{C}\mathrm{n}}(B4t\text{ }’\kappa).$’ $t=0,$ $\delta,2\delta,$ $\ldots$ (40)
. $A_{4},B_{4}$




$\kappa$ . , Hirota [3] .
4
4.1 $\lambda$
cn $-1\leq \mathrm{c}\mathrm{n}(x, \mathcal{K})\leq 1$ (16) $\lambda$ ,
$\lambda\geq\frac{1}{2}(1-\frac{1}{\delta^{2}})$ (42)
. $\lambda>1/2$ $2\delta>0$ (42) . ,
$\lambda>1/2$ , $2\delta$ (15) .
(b) $\mathcal{H}>2$ ‘
(20) $\kappa$ , dn $\sqrt{1-\kappa^{2}}\leq \mathrm{d}\mathrm{n}(X, \mathcal{K})\leq 1$
(43)
. $\delta$ , \mbox{\boldmath $\lambda$} $>1$ $\lambda$ , $\kappa$
(Fig 1 ). , $\lambda$ $2\delta$
(19) . ,\mbox{\boldmath $\lambda$}, $\delta$




. $t=t\pm\delta$ ( (19) $t=t\pm\delta$
(14) , . , am
$\lambda=1$ , $\delta=1$ $\mathcal{H}\leq 3$ .
4.2
$t=0$ $q(\mathrm{O})=0$ , $-5$ 5 0.5 $\mathcal{H}$ .
$\lambda=1,$ $\delta=0.1$ Fig$.2,\lambda=1,$ $\delta=1$ Fig 3 . ,
$p(t)= \frac{q(t+2\delta)-q(t-2\delta)}{4\delta}$
.
Fig 3 Fig 2 ,
. $\mathcal{H}=2$ ,
$\mathcal{H}$ 2 . ,41 $\lambda=1,$ $\delta=1$
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Fig.2
$(\lambda=1, \delta=0.1)$
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Fig.3
$(\lambda=1, \delta=1)$
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